The classical economic production quantity (EPQ) assumes that the replenishments are instantaneous. As a manager of a factory, there is a problem must be taken into consideration. If the establishment buys all of the raw materials at the beginning, the stock-holding cost for the raw materials should be counted into the relevant costs. So the main purpose of this paper will add the raw materials stock-holding cost to the EPQ model and take the time value of money into consideration. Therefore, we will calculate the present value and compare the difference between take and does not take the time value of money into consideration. From these procedures of calculating, we found some interesting results: 1) the present value of total stock-holding cost of raw materials plus products from the beginning to time t is the same as the stock-holding cost of classical economic order quantity (EOQ) model; 2) the present value of total relevant cost is independent of the production rate (if the production rate is greater than the demand rate); 3) the optimal cycle time of total relevant cost not taking the time value into consideration is the same the optimal cycle time of classical EOQ model; 4) the purchasing cost per unit time is irrelevant to time.
Introduction
is the first one to use the idea of mathematical way to model the EOQ model. The EPQ was developed by E.W. Taft ([1] ) in 1918. The EPQ model is a well-known and commonly used inventory control technique. E.W. Taft ([1] ) did not consider the stock-holding cost for the raw materials in EPQ system. The EPQ is a well-known and commonly used inventory control technique. Kim et al. ( [2] ) shows a method for evaluating investments in inventory. Teng ([3] ) uses the discount cash-flow approach to establish the models, and obtain the optimal ordering policies to the problem. Moon and Yun ([4] ) justified the optimality of solutions derived from the first order conditions in Kim et al. ([2] ), and then Chung and Lin ( [5] ) refute the concavity of the net present value for infinite planning horizon and conclusions expressed or implied by Kim and Chung ([6] ). Chung and Lin ( [7] ) follow the optimality of solutions, bounds for the optimal cycle is derived. So this paper mainly bases on Richter's ( [8] ) idea, and follows the ideas of Trippi ([9] ), Moon and Yun ([4] ) and Chung and Lin ( [7] ) about time value of money.
The classical EPQ assumes that the replenishments are instantaneous and the relevant costs only contain ordering cost, stock-holding cost of products and cost of buying raw materials. As a manager of a factory, there is a problem must be taken into consideration. If the establishment buys all of the raw materials at the beginning, the stock-holding cost for the raw materials should be counted into the relevant costs. Therefore, the main purpose of the inventory model will add the raw materials' stockholding cost to the EPQ model and compute the total relevant costs. Moreover, using the upper and lower bounds, an algorithm to compute the optimal cycle time is developed. The numerical examples are given to illustrate the algorithm to compute the different conclusions. We hope the model will be more reasonable and practical.
The Models
The mathematical model developed in this study is based on the following notations and assumptions: 
Assumption
1) Production rate is greater than demand rate.
2) Production rate and demand rate is known and constant.
3) Shortage is not allowed. 4) A single item is considered. 5) Time horizon is infinite. The traditional EPQ model assumes that the replenishments are instantaneous and the relevant costs only contain ordering cost, stock holding cost of products and cost of buying materials. In fact, it is different from the classical EPQ model. Because we need to buy the raw materials at the beginning of the cycle time for production and then sale the products. So, about the total relevant cost, we also must consider about the ordering and the stock-holding cost for the raw materials in stock (shown in Figure 1 ). On the other hand, we must take the time value of money into consideration to avoid consuming cost when a company makes a decision. Therefore, in this section we will calculate the total relevant costs per unit time of the modified EPQ model and the present value of modified EPQ model. Moreover, we can compute the optimal cycle time by the total relevant costs.
There are two models considered in this paper. From the above elements, the total relevant cost per unit time can be expressed as   ordering cost + purchasing cost + stock carrying cost.
Taking the derivative of Equation (1) with respect to T
Derivative Equation (2) with respect to T,
Equations ( 
and solving Equation (4), we obtain the optimal cycle time
and the optimal replenishment quantity
From Case 1 we can found the purchasing cost per unit time is irrelevant to time and the optimal cycle time of total relevant cost not taking the time value into consid-eration is the same the optimal cycle time of classical EOQ model. Case 2. The present value of modified EPQ model. Case 2 presents the present value for the basic EPQ model under the assumption of adding the raw materials stock-holding cost.
For this case, the stock holding cost of raw materials and products are the same. We will divide into two parts to discuss the model in the following.
(A) The present value of cash flows for the first cycle time:
First, we discuss about the inventory level of raw materials. To satisfy the demand of customers, we need to buy the amount of Q DT  in stock at the beginning of every cycle time. The level of inventory in raw materials at time DT P is zero. Besides, we need to consider about the level of inventory in products. From the beginning to time DT P , the products which supplier produces need to satisfy both the need of customers and accumulation of stock to sell from time to the end of cycle time DT P . The annual rate of production is greater than the annual rate of demand. At time DT P has the biggest amount of   P D DT P  inventory in stock. Furthermore, the level of inventory of raw materials at time DT P is zero. The inventory reaches the zero level at the end of the cycle time T .
From the above arguments, we show that the present value of cash flows for the first inventory horizon, 
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Equation (9) can be simplified as 
From this procedure of calculating, we found two interesting results:
1) The present value of total stock-holding cost of raw materials plus products from the beginning to time t is the same as the stock-holding cost of classical EOQ model;
2) The present value of total relevant cost is independent of the production rate (if the production rate is greater than the demand rate).
On the other hand, we can obtain an exact optimal cycle time using the following proposition and theorem.
Proposition.
 
PV T has a unique local minimum on
Taking the first derivatives of Equation (12), is as follows 
Taking the derivative of Equation (13) 
We have   f T is a strictly increasing function since 
On the other hand, from the procedure of calculating the optimal cycle time of the total relevant cost, we found some interesting results: 1) The present value of total stock-holding cost of raw materials plus products from the beginning to time t is the same as the stock-holding cost of classical EOQ model.
3) The optimal cycle time of total relevant cost not taking the time value into consideration is the same the optimal cycle time of classical EOQ model. 4) The purchasing cost per unit time is irrelevant to time.
